Background: Fatigue was reported as the most common any-grade adverse event (18.3%), and the most common grade 3 or higher immune-related adverse event (irAE) (0.89%) in patients receiving PD-1/PD-L1 checkpoint inhibitors in clinical trial.
Introduction
Immune checkpoint inhibitors (ICIs) are characterized by a distinctive side effect profile, compared to other anticancer drugs. The adverse events occurring during ICIs are collectively named as immune-related adverse events (irAEs). IrAEs mimic autoimmune diseases by definition, leading to a dysfunction of peripheral T-cells tolerance, where immune checkpoints play a pivotal role [1, 2] . However, in clinical practice the immunological basis of each adverse event occurring during ICIs is an assumption, as if the underlying mechanism is always putatively immune-related.
A recent systematic review and meta-analysis has summarized the incidence and grade of irAEs across clinical trials with anti-PD-1/PD-L1 (programmed death-1/ programmed death-ligand 1) agents [3] . Fatigue was reported as the most common any-grade adverse event (18.3%), and the most common grade 3 or higher irAE (0.89%) [3] . Considering the recent evidences suggesting that the occurrence of common irAEs (such as cutaneous irAEs, endocrine irAEs and gastro-intestinal irAEs) might be considered a surrogate predictor of clinical
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Journal of Translational Medicine *Correspondence: alessiocortellini@gmail.com 1 Medical Oncology Unit, St. Salvatore Hospital, L' Aquila, Italy Full list of author information is available at the end of the article Page 2 of 6 Cortellini et al. J Transl Med (2019) 17:376 benefit with ICI [4, 5] , it would be interesting to investigate the clinical implications of the occurrence of immune-related fatigue (ir-fatigue) in clinical practice. We performed the present analysis in order to explore and weighing the role of ir-fatigue occurrence in cancer patients receiving PD-1/PD-L1 checkpoint inhibitors.
Materials and methods
This analysis was performed within the already available "real-life" multicenter retrospective data set, where we collected clinical data of advanced cancer patients who underwent treatment with single PD-1/PD-L1 checkpoint inhibitors as first or subsequent line [5] [6] [7] (University of L' Aquila, Internal Review Board protocol number 32865, approved on July 24th, 2018). Only patients with data availability regarding ir-fatigue were included in the present analysis. The aim of this analysis was to evaluate the correlations between "early ir-fatigue", "delayed ir-fatigue", and following clinical outcomes: objective response rate (ORR), progression free survival (PFS) and overall survival (OS). In order to minimize the negative selection effect that the experienceness of fatigue may have regarding poorer clinical condition, a landmark of 12 weeks was used to perform all the efficacy analysis; all the patients whit a follow-up for PFS shorter than 12 weeks were excluded (regardless of progression events). We chose 12 weeks because of being the preferred landmark for patients enrollment in prospective clinical trials [8] . Early ir-fatigue was defined as the occurrence of any grade fatigue within the first month form the immunotherapy commencement, while delayed ir-fatigue was defined as the occurrence of any grade fatigue after the first month from the immunotherapy commencement. Ir-fatigue and irAEs overall were graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE; version 4.0) and cumulatively reported as crude incidence.
Median period of follow-up was calculated according to the reverse Kaplan-Meier method.
Median PFS and median OS were evaluated using the Kaplan-Meier method. Chi square was used to correlate ORR and ir-fatigue (early and delayed). Cox regression was used for the univariate analysis of PFS and OS according to early and delayed ir-fatigue. A multivariate Cox regression was used to evaluate those parameters which resulted to be significant at the univariate analysis. In order to properly weighing the impact on clinical outcomes and to find appropriate covariates, the correlations between ir-fatigue, and baseline clinical factors (age, ECOG-PS [Easter Cooperative Oncology Group-Performance Status], sex, burden of disease and treatment line) were evaluated with the Chi square test. Baseline factors which were significantly related to ir-fatigue were not included in the multivariate analyses [9] . The fatigue reporting across different tumor types can widely vary [10] , then, given to its role, primary tumor was included in multivariate analysis regardless of its significance at univariate analysis. Moreover, a correlation analysis of ECOG-PS and ir-fatigue, and an efficacy analyses according to the experience of early and delayed ir-fatigue, were separately performed in melanoma and non small cell lung cancer (NSCLC) cohorts. All statistical analyses were performed using MedCalc Statistical Software version 19.0.4 (MedCalc Software bvba, Ostend, Belgium; https ://www.medca lc.org; 2019).
Results
517 patients had data availability regarding ir-fatigue; treatment commencement ranged from June 2014 to April 2019. After the 12-weeks landmark selection, 386 (74.7%) patients were eligible for the clinical outcomes analysis. Table 1 summarized all the patients features 40.4% were NSCLC, 42.2% were melanoma, 15.3% renal cell carcinoma and 2.1% other malignancies. 67.4% of the included patients were male. The median age was 68 years and 170 patients (44.0%) were elderly (≥ 70 yo). 48 patients (12.4%) had an ECOG-PS ≥ 2, 167 patients (43.3%) had more than 2 metastatic sites and 137 patients (35.5%) received PD-1/PD-L1 inhibitors as first line. 213 patients (55.2%) experienced any grade irAEs, while 46 patients (11.9%) experienced G3/G4 irAEs. 76 patients (19.7%) experienced early ir-fatigue: 2 of them (2.6%) G3/G4 early ir-fatigue, while 74 (97.4%) G1/G2 early ir-fatigue. 150 patients (38.9%) experienced delayed irfatigue: 7 of them (4.7%) G3/G4 early ir-fatigue, while 143 (95.3%) G1/G2 delayed ir-fatigue. 61 patient (15.8%) experienced both early and delayed ir-fatigue.
Among the 382 evaluable patients 173 response of disease were observed and the ORR was 45.3% (95% CI 38.7-52.5). The ORR among patients who experienced early ir-fatigue was 36% (95% CI 23.7-52.3), while among patients who did not experienced early ir-fatigue was 47.5% (95% CI 40.1-55.9), without statistically significant difference (p = 0.0718). The ORR among patients who experienced delayed ir-fatigue was 42.9% (95% CI 33.1-54.8), while among patients who did not experienced delayed ir-fatigue was 46.8% (95% CI 38.4-56.4), without statistically significant difference (p = 0.4641).
The median follow up was 21.2 months. Median PFS and median OS in the overall population were 16.5 months (95% CI 12.3-23.1; 201 events) and 44.6 months (95% CI 30.4-48.9; 248 censored patients), respectively. Median PFS of patients who experienced Among patients who experienced early ir-fatigue 21 (27.6%) had an ECOG-PS ≥ 2, while 27 (8.7%) patients had an ECOG-PS ≥ 2 among patients who did not experienced early-ir-fatigue (p < 0.0001). Similarly, 47 patients (61.8%) among those who experienced early ir-fatigue, had more than 2 metastatic sites, while 120 patients (38.7%) had more than 2 metastatic sites among patients who did not experienced ir-fatigue (p = 0.0003).
We did not find significant associations between early ir-fatigue and patients sex, age (elderly vs nonelderly), and treatment line (first vs non-first) (data not shown). Table 2 summarized univariate and multivariate analyses of PFS, while Table 3 summarized univariate and multivariate analyses of OS; early ir-fatigue was confirmed an independent predictor for shorter PFS (HR = 2.29 [95% CI 1.62-3.22], p < 0.0001), and shorter OS (HR = 2.32 [95% CI 1.59-3.38], p < 0.0001). Considering the analysis of melanoma and NSCLC cohorts, early and delayed ir-fatigue were significantly related with an ECOG-PS ≥ 2 in melanoma patients, while only early ir-fatigue in NSCLC patients (data not shown). However, in both melanoma and NSCLC patients only the early ir-fatigue was significantly related to shorter PFS and OS, while not the delayed irfatigue (data not shown).
Discussion
Cancer patients fatigue is a well know but complex symptom. It is the most reported symptom and it is related to the disease itself, to systemic inflammation, psychological condition, nutritional alterations, treatments side effects, genetic predisposition, and much more [10, 11] .
Recently, Weber et al. [12] have reported that high baseline serum interleukin-6 (IL-6) levels are associated with a shortened survival in melanoma patients receiving nivolumab alone or ipilimumab alone, within the CheckMate 064 trial population [13] . Also high baseline serum C-reactive protein (CRP) levels, which is inducible by IL-6 [14] , were reported to be related to a shortened survival, but only in patients receiving nivolumab alone [12] . High baseline serum CRP levels revealed to be related to a shortened survival also in melanoma patients receiving ipilimumab, nivolumab or the combination, within the CheckMate 067 trial population [12, 15] , and in melanoma patients treated with nivolumab or dacarbazine within the CheckMate 066 trial population [12, 16] . Moreover, Weber and colleagues reported that increasing levels of IL-6 at week 12 were related to disease response in patients receiving nivolumab alone or ipilimumab alone [12] .
IL-6 is one of the core cytokines involved in the cytokines release syndrome (CRS), which can occur with various clinical pictures, ranging from mild flu-like symptoms (including fatigue) to severe life-threatening manifestations of the overshooting inflammatory response [17] .
Considering the occurrence of fatigue during immunotherapy as an immune-related event, it is interesting to speculate about its underlying mechanisms. Assuming that the immune activation induced by the administration of PD-1/PD-L1 checkpoint inhibitors may led to mild forms of CRS, the clinical occurrence of fatigue during immunotherapy might be induced by increasing levels of cytokines responsible of CRS, including IL-6, and therefore it could be related to worse clinical outcomes. Correspondingly, common irAEs (such as cutaneous irAEs, endocrine irAEs and gastro-intestinal irAEs), for which different underlying mechanisms have been proposed [18, 19] , might be considered a surrogate predictor of clinical benefit with ICIs.
In our study population early ir-fatigue seems to be a prognostic parameter rather than predictive. Indeed, it revealed to be an independent predictor for shortened PFS and OS, while was not significantly related to ORR. On the other hand, delayed ir-fatigue was not related to any of the measured clinical outcomes. The early ir-fatigue might be considered as a treatment related effect, unlike the delayed ir-fatigue, which could be related to the progressive worsening of clinical condition. However, to properly weighing our results we must take into account the prevalent role of PS and disease burden (number of metastatic sites). Despite the 12-weeks landmark selection, which served to minimize negative selection biases, we found a significantly association between early ir-fatigue and poorer PS (p < 0.0001), as like early ir-fatigue and disease burden (p = 0.0003). Therefore, we must not fail in considering that our analysis is flawed by this association, and of course patients who experienced early ir-fatigue had a worse outcome mainly because of the poorer clinical condition. This analysis has several limitations; as abovementioned, the selection bias, which does not allow us to make any conclusive consideration, due to the association between poorer clinical condition (PS and disease burden) and early ir-fatigue. Moreover, also the reporting of early ir-fatigue in clinical practice was flawed, because the fatigue might be related to many causes [10, 11] . On the other hand, our study suffers from a positive selection bias due to the 12-weeks landmark selection. In our opinion, for a proper estimation it would be crucial a perspective evaluation of serum IL-6 levels together with the fatigue assessment.
Conclusion
Our study seems to reveal that early ir-fatigue is a negative prognostic parameter. However, to proper weigh its role we must to consider the predominant role of performance status, which was related to early ir-fatigue in the study population.
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